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Abstract 
 
Raman spectroscopy has been used to characterise the jarosite group of minerals of 
formula Mn(Fe 3+)6(SO4)4(OH)12 where M may be K, (NH4)+, Na, Ag or Pb and where 
n=2 for monovalent cations and 1 for the divalent cations. Raman spectroscopy 
proved useful for mineral identification especially where closely related minerals 
crystallise out from solutions where paragenetic relationships exist between the 
minerals. The band position of the -24SO symmetric stretching mode proved to be a 
function of the ionic radius of the cation. The bending modes show a slight 
dependence.  The spectra of the natural samples can be complex. This complexity is 
attributed to the incorporation of low levels of other cations into the structure.   
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Introduction 
The jarosite mineral group has been extensively studied [1].  The minerals are 
based upon the formula Mn(Fe 3+)6(SO4)4(OH)12 where M may be K, (NH4)+, Na, Ag 
or Pb and where n=2 for monovalent cations and 1 for the divalent cations.  Jarosite 
was first discovered in 1852 in ravines in the mountainous coast of south eastern 
Spain and was named after the district in Spain known as Jaroso. The importance of 
jarosite formation and its decomposition depends upon its presence in soils, sediments 
and evaporite deposits [2]. These types of deposits are formed in acid soils where the 
pH is less than 3.0 pH units [3]. Such acidification results from the oxidation of pyrite 
which may be from bacterial action or through air-oxidation.  The Mars mission rover 
known as opportunity has been used to discover the presence of jarosite on Mars, thus 
providing evidence for the existence or pre-existence of water on Mars. 
(http://www.news.cornell.edu/releases/rover/Mars.jarosite.html)  
 
 Some thermal stability studies of jarosites have been published  [4-8] and there 
have been many studies on related minerals such as the Fe(II) and Fe(III) sulphate 
minerals [9-14].  Interest in such minerals and their thermal stability rests with the 
possible identification of these minerals and related dehydrated paragenetically related 
minerals on planets. The presence of these minerals would give a positive indication 
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of the existence or at least pre-existence of water. Further such minerals are formed 
through crystallisation from solutions. It has been stated that the thermal 
decomposition of jarosite begins at 400 °C with the loss of water [1].   The process is 
apparently kinetically driven. Water loss can occur at low temperatures over extended 
periods of time [1].  It is probable that in nature low temperature environments would 
result in the decomposition of jarosite.  The products of the decomposition depend 
upon the jarosite be it K, Na or Pb etc but normally goethite and hematite are formed 
together with soluble sulphates [15].  It is imperative to have a data base of the Raman 
spectra of minerals such as the jarosites and related iron(II) and iron(III) sulphate 
minerals. Included in this data base should be minerals which may be unstable under 
conditions such as is found on earth but might be stable in the atmospheres of other 
planets 
 
 One of the difficulties associated with the analysis of jarosites is that they are 
often poorly crystalline, making detection using XRD techniques difficult.  Another 
difficulty associated with the study of jarosites is their thermodynamic stability [16].  
Often the minerals are formed from acid-sulfate rich environments such as acid mine 
drainage and acid-sulfate soils and as such their solubility is controlled by the climatic 
conditions in particular the temperature. The minerals can precipitate in the night time 
as the solution cools and redissolves in the day when the temperature rises.  Such 
phenomena result in very complex mineral systems which involve jarosites and other 
sulphates for example halotrichites, iron(II)sulphates and potassium sulphate.  Further 
jarosites can function as heavy metal ‘collectors’ and incorporate significant 
concentrations of other cations into the jarosite structure [17].   Such phenomena have 
not been fully explored.   
 
Whilst some powder XRD studies can be used to study jarosites such studies 
are of limited value as the jarosite compounds may be poorly diffracting and the XRD 
pattern will be dominated by the highly crystalline materials such as potassium 
sulphate which is present in the mineral matrix.  Vibrational spectroscopy allows a 
better method for the study of jarosites. Infrared spectroscopy has been used to study 
jarosite minerals but failed to detect cationic differences in the jarosite structures [18-
23].  Some Raman spectroscopic studies of jarosites have been undertaken but some 
previous studies have failed to study the complete spectra and suffer from a lack of 
signal to noise [19, 20, 24].   Further the lack of crystallinity of many synthetic 
samples studied has made the collection of Raman spectral data difficult.  Most 
studies have involved the use of synthetic jarosites [25].   However the assumption is 
made that the synthetic jarosite is the same as the natural jarosite. Such an assumption 
is not necessarily valid. In this work, as part of our studies of secondary mineral 
formation, we report the Raman spectra of selected natural jarosites. 
 
Experimental 
Minerals 
 
  The minerals used in this study are reported in Table 1 and were analysed by X-
ray diffraction for phase purity and by electron probe using energy dispersive 
techniques for quantitative chemical composition. 
 
X-ray diffraction 
 
X-ray diffraction (XRD) patterns were recorded using CuKα radiation (n = 
1.5418Ǻ) on a Philips PANalytical X’ Pert PRO diffractometer operating at 40 kV 
and 40 mA with 0.125° divergence slit, 0.25° anti-scatter slit, between 3 and 15° (2θ) 
at a step size of 0.0167°. For low angle XRD, patterns were recorded between 1 and 
5° (2θ) at a step size of 0.0167° with variable divergence slit and 0.5° anti-scatter slit.  
 
Raman spectroscopy 
 
The crystals of jarosite were placed and oriented on the stage of an Olympus 
BHSM microscope, equipped with 10x and 50x objectives and part of a Renishaw 
1000 Raman microscope system, which also includes a monochromator, a filter 
system and a Charge Coupled Device (CCD). Raman spectra were excited by a HeNe 
laser (633 nm) at a resolution of 2 cm-1 in the range between 100 and 4000  
cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. In order to ensure that the correct spectra are obtained, the incident 
excitation radiation was scrambled.  Previous studies by the authors provide more 
details of the experimental technique [26-29]. Spectra at elevated temperatures were 
obtained using a Linkam thermal stage (Scientific Instruments Ltd, Waterfield, 
Surrey, England).  Spectral manipulation such as baseline adjustment, smoothing and 
normalisation was performed using the GRAMS® software package (Galactic 
Industries Corporation, Salem, NH, USA).  
 
 
Results and discussion 
 
 The crystal structure of jarosites and the related minerals alunites have been 
studied for some time [30].  The structures are characterised by binding between the 
hydroxyl units and the oxygens of the sulphate group [30].  The sulphate tetrahedra 
are effected by the octahedral cation and influenced by the monovalent cation [31].  
Extensive studies of the crystallography and thermodynamics of alunites and jarosites 
have been undertaken [16]. Some vibrational spectroscopic studies have been reported 
[32].  Almost no Raman studies of jarosites have been forthcoming.  The application 
of Raman spectroscopy to the study of solid sulphates has been undertaken [27, 33-
36].   
 
Sulphates as with other oxyanions lend themselves to analysis by Raman 
spectroscopy.  In aqueous systems, the sulphate anion is of Td symmetry and is 
characterised by Raman bands at 981 cm-1 (ν1), 451 cm-1(ν2), 1104 cm-1 (ν3) and 613 
cm-1 (ν4).  Reduction in symmetry in the crystal structure of sulphates such as jarosites 
will cause the splitting of these vibrational modes. For jarosites the space group is 35C  
and six sulphate fundamentals should be observed.  
 
The Raman spectra of the jarosites in the 700 to 1300 cm-1 region are shown in Figure 
1 and the results of the Raman spectral analysis reported in Table 2.    
 
 The position of the ν1 symmetric stretching mode for K-jarosite is 1009.8 cm-1.  
The band is very sharp with a band width of 4.4 cm-1. A previous study reported the 
position as 1006.7 cm-1 [24].  Other bands are observed in the spectral profile at 998.0 
and 1011.9 cm-1.  Na-jarosite has a band at 1012.0 cm-1 with a bandwidth of 5.1 cm-1. 
For H-jarosite a single band is observed at 1007.3 cm-1 with bandwidth of 7.1 cm-1. 
For Ag-jarosite, the intense band for the symmetric stretching mode is found at 1011 
cm-1 with a bandwidth of 5.2 cm-1.  The band positions for Pb-jarosite are 1000.3 and 
1005.4 cm-1. The bands are significantly broader for Pb-jarosite with bandwidths of 
12.3 and 10.2 cm-1.  Previous studies have reported a decrease in band position with C 
unit cell parameter [24].   Such a relationship was tenuous.  Other studies by the 
authors have shown relationships between the sulphate band position and ionic radius  
[29]. Figure 2 shows this relationship between ionic radius of the cation and the 
position of the symmetric stretching band.  The ionic radius will affect the 
polarizability of the -24SO vibrations and hence there is a dependence of band position.   
 
Figure 1 also shows the -24SO antisymmetric stretching bands.  The Raman 
spectrum of each of the jarosites shows two bands in the 1102 and 1111 cm-1 and the 
1153 and 1154 cm-1. Some variation of the in the band position with cationic radius is 
observed for the first band as is illustrated in Figure 3.  The variation in the second 
band is minimal.  
 
 The infrared spectra of the natural jarosites are shown in Figure 4.  The 
infrared data are reported in Table 3.  The spectra show complexity as compared with 
the Raman spectra.  The infrared spectrum of K jarosite shows an intense band at 
1003.6 cm-1 with a broad band at 968.7 cm-1.   These bands are attributed to the 
infrared active symmetric stretching modes. S.D Ross in Farmer’s treatise on the 
infrared spectrum of minerals, reported two infrared active bands at 1018 and 1028 
cm-1 which were attributed to the symmetric stretching modes [37]. For Na-jarosite 
bands are observed in similar positions at 1000.7 and 975.4 cm-1.  The Ag and Pb 
jarosites show complexity with a broad spectral profile below 1000 cm-1.  Part of the 
spectral profile may be due to hydroxyl deformation modes. The IR spectra of Pb and 
Ag jarosites show bands at 976.6, 1003.0 cm-1 and 994.7 and 998.9 cm-1 respectively.  
IR bands for K-jarosite are observed at 1090.7 and 1175.5 cm-1 and are attributed to 
the -24SO antisymmetric stretching bands.  Ross reported two infrared bands at 1100 
and 1190 cm-1. For Na-jarosite, the bands are observed at 1079.2 and 1176.1 cm-1.  
Three bands are observed for the Ag-jarosite at 1077.3, 1109.7 and 1157.5 cm-1 and 
two bands for the Pb-jarosite at 1082.9 and 1170.4 cm-1.   
 
  
The Raman spectra of jarosites in the low wavenumber region are shown in 
Figure 5.  K-jarosite shows two overlapping bands at 443.7 and 452.8 cm-1 assigned 
to the ν2 bending mode.  The bands are sharp with bandwidths of 12.0 and 10.3 cm-1 
respectively. The observation of two bands is simply due to symmetry lowering. The 
values differ considerably from that published for synthetic K-jarosite [24].  Sasaki et 
al. assigned the most intense band at 434.5 cm-1 to FeO stretching vibrations. Such an 
assignment is unlikely. The band is attributed to the ν2 bending mode.  Two bands are 
found at between 354 to 365 cm-1 and at around 300 cm-1. These bands are more 
likely due to FeO vibrations.  Three bands are found for Na-jarosite at 434.6, 443.3 
and 453.9 cm-1 with bandwidths of 9.0, 9.8 and 7.7 cm-1.  Such complexity is found 
for H-jarosite with three bands observed at 433.6, 435.4 and 465.7 cm-1 with 
bandwidths of 12.3, 11.6 and 8.5 cm-1. The Raman spectrum of Ag-jarosite shows an 
intense band at 440.6 cm-1 with two low intensity bands at 451 and 476.9 cm-1. The 
splitting of the ν2 bending modes is accentuated for the Pb-jarosite.  Three bands are 
observed at 436.6, 452.1 and 475.8 cm-1.   
 
All of the spectra in the low wavenumber region of the jarosites show a strong 
band at around 623 cm-1 with a shoulder at around 632 cm-1.  These bands are 
attributed to the ν4 bending mode. The bands are found at 623.9 (K), 624.9 (Na), 
624,3 (H), 621.0 (Ag) and 623.9 cm-1 (Pb).  The band is very sharp with bandwidths 
of 6.9 (K), 5.8 (Na), 6.9 (H), 5.9 (Ag) and 10.2 cm-1 (Pb).  For jarosite a single band is 
observed at 566.2 cm-1. One possible assignment of the band is to FeOH deformation 
modes. The band is split into two bands at 614.6 and 624.9 cm-1 for Na-jarosite and at 
624.3 and 642.6 cm-1 for H-jarosite.  Only a single band is observed for Ag-jarosite 
and Pb-jarosite at 562.7 and 564.6 cm-1.  
 
Intense bands are observed for all of the jarosite spectra at around 225 cm-1. 
The band is observed at 225.9 cm-1 with bandwidth of 11.3 cm-1 for K-jarosite, 223.8 
cm-1 and bandwidth of 8.4 cm-1 ; 224.1 cm-1 with bandwidth of 11.5 cm-1 ; 224.8 cm-1  
and bandwidth of 224.8 cm-1  for Ag-jarosite and 220.6 cm-1 for Pb-jarosite. The band 
is split for Pb-jarosite with two bands at 205.7 and 220.6 cm-1 with bandwidths of 
19.4 and 20.7 cm-1. A previous study assigned  the band to O-Fe vibrations [24].  The 
band positions reported in this work agree reasonably well with these published 
results. Relationships were found between band centres and the C cell parameter [24]. 
The relationship was questionable for several of the bands assigned to FeO vibrations 
but was excellent except for the Pb-jarosite sample.  
 
Hydroxyl stretching region 
 
 The Raman spectra of the hydroxyl stretching region of the natural jarosites 
studied in this work are shown in Figure 6.  Previous Raman studies of synthetic 
jarosites did not report this region [24].  It is apparent that the spectra of the jarosites 
in this spectral region are different for each jarosite. K-jarosite is characterised by an 
intense band at 3388.5 cm-1 with a bandwidth of 38.6 cm-1 and component bands at 
3357.9 and 3426.1 cm-1.  In the 77 K spectra these three bands become band 
separated. Bands are observed at 3348.3, 3384.7 3390 and 3411 cm-1. The bandwidths 
are of the first three bands are 13.7, 11.3 and 16.0 cm-1.  The Raman spectrum of the 
Na-jarosite is similar to that of K-jarosite. Four bands are observed at 3382.8, 3409.7, 
3433.5 and 3465.7 cm-1. The Raman spectrum at 77 K shows three sharp bands at 
3408.8, 3453.3 and 3471.1 cm-1. The infrared spectrum of K-jarosite shows a broad 
profile centred upon 3356 cm-1 with a considerable number of overlapping bands 
extending from 3590 to 2600 cm-1.   Raman spectra of the hydroxyl stretching region 
of jarosites do have the advantage that the bands due to adsorbed water are eliminated 
and that only the jarosite OH stretching bands are observed.   
 
 The Raman spectrum of H-jarosite in the OH stretching region shows a 
broader spectral profile compared with that of the K or Na jarosites. A broad band 
centred at 3410.9 cm-1 with bandwidth 49.3 cm-1 with other component bands 
observed at 3372.0, 3383.2, and 3452.0 cm-1.  The Raman spectrum of Ag-jarosite 
also shows complexity in the OH stretching region.  Three bands are observed at 
3371.6, 3394.2 and 3440.3 cm-1.  The bands are broad with half widths of 25.4, 69.6 
and 46.8 cm-1. This bandwidth increases for the Pb-jarosite where only one broad 
band at 3404.7 cm-1 with band width of 103.6 cm-1.   
 
Conclusions 
 
The jarosite mineral group can be characterised by their Raman spectra. 
However the spectra of the natural minerals may not be the same as the synthetic 
minerals and whilst there may be some dependence of the characteristic vibrational 
frequencies for the sulphate units of synthetic jarosites with the c cell parameter this is 
not necessarily the case for the natural minerals. Jarosites are minerals which can 
function as collectors of heavy metals and low concentrations can be found in the 
natural jarosites. Such minerals can act as a significant environmental sink [38].  
jarosites may be useful for the uptake of Ce6+ and As5+ in ground waters [39]. Such 
an application remains to be explored. The Raman spectra of the natural jarosites 
show complexity with multiple overlapping bands. It is probable that this is caused by 
low concentrations of other ions incorporated into the structure. 
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Table 1 
 
Sample Mineral Location 
G10714 Plumbojarosite Teutonic Bore Mine, WA 
G19014 Argentojarosite Tintic District, Juab Co. Utah 
G19611 Jarosite Kanmantoo, Mt Lofty Ranges, SA
G20148 Natrojarosite Londonderry, WA 
G23929 Hydronium Jarosite Rustler Mine, Tooele Co. Utah 
G24239 Plumbogummite Borstein, Reichenbach, Germany 
 
Table 2 
 
  g19611     g10714     g19014     g20148     g23929   
 Jarosite   plunbijaosite   argentojarosir   natrjoarosire   
Hydronium 
jarosite  
Center FWHM Area Center FWHM Area Center FWHM Area Center FWHM Area Center FWHM Area 
3573.2 68.5 0.006      3559.7 59.2 0.003           
               3530.2 29.4 0.001      
3511.1 51.4 0.007      3502.0 38.4 0.003           
          3440.3 46.8 0.029 3465.7 40.2 0.014 3452.0 68.3 0.030 
3426.1 78.6 0.099           3433.5 77.9 0.098      
     3404.7 103.6 0.037      3409.7 19.3 0.109 3410.9 49.3 0.097 
3388.5 38.6 0.128 3402.0 36.6 0.002 3394.2 69.6 0.122 3382.8 20.9 0.036 3383.2 25.8 0.012 
          3371.6 25.4 0.050      3372.0 30.3 0.006 
3357.9 25.1 0.014      3349.1 14.2 0.002      3356.7 212.8 0.068 
3305.5 123.0 0.041      3288.7 300.9 0.039 3304.2 58.3 0.010      
          3277.3 59.4 0.005 3229.4 42.7 0.001      
3166.2 144.8 0.009 3183.8 313.2 0.051      3167.2 40.0 0.001      
     2921.7 343.2 0.030                
               2203.9 30.0 0.000      
2030.5 58.6 0.003      2021.9 44.4 0.003 2016.5 63.4 0.004      
               2006.4 14.3 0.001 2007.0 78.7 0.004 
          1991.8 15.9 0.000 1976.4 22.8 0.001      
               1922.5 16.4 0.000      
1695.9 51.6 0.005 1674.7 60.9 0.002 1679.1 52.6 0.007 1693.1 47.8 0.006 1690.9 47.4 0.003 
     1620.0 44.6 0.001                
     1552.0 99.0 0.003                
     1454.3 72.5 0.003                
1239.5 52.3 0.002                     
1183.6 46.1 0.004 1201.8 88.7 0.004                
1153.1 22.3 0.067 1168.0 40.7 0.004 1153.6 21.5 0.069 1161.8 25.8 0.005 1154.3 21.0 0.049 
     1153.3 25.4 0.016      1153.5 14.6 0.067 1154.0 189.5 0.019 
1128.6 25.5 0.006 1121.1 11.0 0.000 1124.7 32.0 0.007           
               1114.5 42.1 0.012      
1111.0 12.7 0.134           1111.5 135.5 0.029      
     1100.2 30.6 0.065 1104.5 10.2 0.093 1102.8 10.3 0.082 1102.9 15.4 0.135 
1080.2 31.9 0.007 1080.7 76.8 0.024      1080.4 14.8 0.002      
          1072.3 42.3 0.007      1073.5 10.7 0.001 
1039.3 30.7 0.009                     
1026.3 11.5 0.008 1023.7 21.6 0.003 1020.3 13.0 0.020           
1011.9 6.1 0.047      1011.0 5.2 0.046 1010.7 12.0 0.036 1010.1 21.3 0.035 
1009.8 4.4 0.010 1005.4 10.2 0.028 1004.7 10.6 0.012 1007.0 5.1 0.054 1007.3 7.1 0.044 
998.0 22.4 0.002 1000.3 12.3 0.018                
944.2 89.8 0.003 931.2 99.3 0.014                
879.7 34.5 0.001                890.8 43.0 0.002 
     852.3 36.7 0.057 856.5 29.4 0.002           
     826.9 43.3 0.036 827.8 31.1 0.004           
     807.3 20.1 0.005                
     738.0 83.2 0.010 706.8 38.3 0.002      716.3 53.5 0.002 
649.4 20.5 0.013      648.9 38.2 0.012           
     643.3 10.6 0.001 648.5 12.0 0.004           
632.7 8.2 0.002 641.3 143.0 0.028      641.7 13.5 0.007 642.6 11.8 0.004 
623.9 6.9 0.031 623.9 10.2 0.024 627.6 7.4 0.006 624.9 5.8 0.041 624.3 6.9 0.023 
617.2 14.2 0.004 619.1 14.9 0.001 621.0 5.9 0.046 614.6 12.4 0.002      
          614.2 11.1 0.004           
               575.7 17.4 0.022 576.4 147.5 0.025 
566.2 26.9 0.051 564.6 41.2 0.052 562.7 30.4 0.048      573.1 22.2 0.013 
544.7 32.8 0.003      558.5 10.7 0.003 550.2 20.1 0.014 554.7 32.3 0.010 
          520.0 35.8 0.003           
     491.5 106.1 0.022                
472.9 72.3 0.004 475.8 20.9 0.075 476.9 22.5 0.011 460.4 31.7 0.010 465.7 8.5 0.002 
452.8 10.7 0.022 452.1 14.9 0.013 451.4 11.1 0.011 453.9 7.7 0.032 453.4 11.6 0.016 
443.7 12.0 0.098      440.6 10.5 0.060 443.3 9.8 0.018      
     436.6 22.3 0.097      434.6 9.0 0.091 433.6 12.3 0.071 
               426.2 54.6 0.008      
406.3 92.8 0.005 410.7 21.0 0.003 401.6 37.7 0.004           
     374.6 40.0 0.005           379.6 173.4 0.051 
365.0 14.9 0.008 355.0 10.1 0.000 361.8 18.9 0.006 354.8 12.0 0.017 354.2 14.2 0.015 
     331.8 16.2 0.005 328.7 33.6 0.005 322.7 19.1 0.005 323.6 16.6 0.001 
     308.6 125.5 0.038                
296.7 14.7 0.011 306.1 30.5 0.013 305.4 10.6 0.016 300.6 10.1 0.022 300.6 13.6 0.014 
289.9 72.0 0.018 299.4 11.4 0.001 298.6 16.7 0.007 288.0 52.0 0.011      
     255.5 42.1 0.031 258.4 71.1 0.016      260.7 67.7 0.016 
244.4 25.6 0.008      236.0 16.8 0.003      244.6 16.8 0.002 
225.9 11.3 0.059 220.6 20.7 0.031 224.8 10.2 0.044 227.6 20.9 0.020 224.1 11.5 0.040 
               223.8 8.4 0.073      
211.3 47.0 0.009 205.7 19.4 0.034 202.3 19.5 0.006 210.4 9.6 0.004 206.9 12.0 0.004 
     178.9 49.6 0.003 183.0 11.6 0.006 194.9 36.9 0.001 194.2 31.1 0.005 
165.0 11.2 0.000      166.7 9.5 0.000      165.6 14.2 0.001 
140.0 5.3 0.000 140.7 8.2 0.001       139.9 4.4 0.000 139.9 5.1 0.000 

Table 3 Results of the ATR infrared spectra of natural jarosites 
 
 
  g19611     g10714     g19014     g20148   
Center FWHM Area Center FWHM Area Center FWHM Area Center FWHM Area 
               3510.3 19.4 0.001 
               3442.2 97.9 0.031 
          3410.4 57.9 0.005 3407.9 19.1 0.003 
               3381.0 28.2 0.012 
3356.0 56.5 0.028 3356.1 106.9 0.088      3361.8 56.6 0.039 
3334.6 159.9 0.084      3336.7 57.8 0.038 3320.5 130.3 0.064 
     3269.1 171.3 0.043 3289.4 142.9 0.088      
3210.0 257.8 0.088           3222.3 285.3 0.075 
          3157.0 224.3 0.087      
2970.8 577.2 0.102 2969.0 503.0 0.220 2941.1 257.1 0.051 2954.2 326.7 0.025 
2915.8 35.4 0.001                
     2362.5 15.2 0.001           
     2332.4 25.8 0.001           
     2095.5 236.5 0.014      2078.5 209.5 0.006 
2055.4 66.8 0.005      2038.0 21.1 0.002      
          2032.7 276.7 0.018 2023.5 42.3 0.003 
1986.5 28.9 0.003      1981.3 24.6 0.004 1966.1 33.7 0.002 
1644.4 56.6 0.004 1646.6 84.1 0.002 1635.3 43.8 0.001 1637.1 80.1 0.002 
1566.5 150.3 0.013                
     1453.0 43.8 0.001           
     1346.2 72.8 0.001           
1249.5 12.8 0.001           1228.5 41.3 0.003 
     1206.2 36.9 0.011 1197.1 42.6 0.013      
1175.5 72.6 0.074 1170.4 41.7 0.037      1176.1 79.7 0.080 
     1145.9 24.4 0.008 1157.5 70.6 0.055 1143.9 19.0 0.002 
1118.4 28.9 0.022      1109.7 28.4 0.027 1105.6 38.9 0.033 
1090.7 36.8 0.109 1082.9 62.6 0.152 1083.0 8.1 0.001 1079.2 31.2 0.124 
     1082.5 6.0 0.001 1077.3 40.1 0.116      
     1057.9 21.7 0.008      1056.1 20.1 0.012 
          1031.3 23.1 0.018      
1028.4 24.6 0.019 1021.0 30.9 0.039      1020.6 20.1 0.012 
1007.0 5.9 0.002      1008.1 7.3 0.002      
1003.6 57.3 0.138 998.9 12.0 0.007 1003.0 41.7 0.115 1000.7 10.7 0.005 
     994.7 39.1 0.147      995.7 47.6 0.092 
968.7 130.3 0.099      976.6 65.6 0.111 975.4 113.5 0.227 
     921.7 30.5 0.004 923.4 69.1 0.088      
863.4 88.1 0.028 863.7 29.9 0.019 862.8 54.5 0.030 872.3 84.4 0.036 
     849.6 28.6 0.007           
     808.8 45.4 0.099 814.3 42.6 0.035      
799.9 51.2 0.004 801.2 21.8 0.008 775.0 23.8 0.002 788.4 40.9 0.003 
675.4 33.5 0.012           685.7 18.7 0.001 
     670.6 30.1 0.005 670.7 31.8 0.016 662.4 31.1 0.015 
          637.2 27.4 0.006      
625.8 20.5 0.014 624.0 19.2 0.012 624.4 18.6 0.017 626.8 18.0 0.012 
576.1 12.3 0.002 579.5 43.9 0.011 570.8 5.5 0.001 579.0 32.4 0.007 
          562.4 5.1 0.001      
535.9 37.3 0.031                
528.4 8.6 0.002 517.2 91.1 0.015 524.6 18.7 0.000 524.6 49.9 0.000 
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